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Regulation of the renal excretion of sodium and potassium has been 
demonstrated by Loeb (1) and by Harrop (2) to be one of the principal 
actions  of  the  suprarenal  cortical  hormone.  This  effect  has  been 
observed in bilaterally  suprarenalectomized  animals  and  in patients 
with Addison's disease.  Recently Thorn and his coworkers (3) have 
demonstrated  the positive effect of intravenous  injections of supra- 
renal cortical hormone on the renal excretion of sodium and potassium 
in normal human subjects. 
In the present study we have investigated the effect of subcutaneous, 
intravenous,  and  oral  administration  of suprarenal  cortical extracts  ~ 
on the renal excretion of electrolytes in the normal dog.  Heretofore 
no  constant  effect has  been observed to  follow the  injection  of the 
suprarenal  cortical hormone  in the normal  dog,  and  it  has been as- 
sumed that it is devoid of effect. 
Procedure 
Healthy, male dogs weighing approximately 10 to 15 kilos were used through- 
out this study.  Routine care of the dogs and conduct of the metabolism studies 
have been described elsewhere (2).  The daily quantity of water and raw beef 
necessary to maintain constant body weight was determined during a preliminary 
* Rockefeller Fellow in Medicine. 
1 We acknowledge the assistance of Dr. George Cartland of the Upjohn Com- 
pany, Kalamazoo, Michigan, Dr.  Oliver Kamm of Parke,  Davis and Company, 
Detroit,  Michigan, and Dr. David Klein of the Wilson Laboratories of Chicago, 
who have  supplied us  with  generous amounts  of suprarenal cortical hormone. 
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period.  In addition t(, water and meat, the dogs received an arbitrary amount of 
sodium chloride (2.5 or 3.0 gm.) as a  10 per cent solution, 50 cc. of a  10 per cent 
solution of dried milk powder, and a capsule of haliver oil.  ~ 
The dogs were catheterized each morning and the bladder was washed three 
times with  10 cc.  of distilled water.  The washings were added to the 24 hour 
urine specimen.  Catheterization of male dogs was accomplished easily by using 
a No. 7 French silk catheter.  A size 18 needle was introduced into the catheter. 
This furnished an excellent adapter for a  20 or 50 cc. syringe.  The care of the 
catheters was considered particularly important.  They were kept in a solution of 
bichloride of mercury and rinsed carefully with distilled water before being used. 
At the termination of each experiment (usually a 3 day period) 20 cc. of a  10 per 
cent solution of argyrol were introduced into the bladder of the dog.  The same 
dogs were catheterized daffy for a  period of several months without developing 
bladder or renal infection.  The urinary sediment was examined frequently. 
Following catheterization the extract was given.  When divided doses were 
administered, one-half of  the  total amount  of extract was  given immediately. 
The remainder was given approximately 7 hours later.  On the control days an 
equivalent amount of sterile normal saline solution was administered to compen- 
sate for the sodium chloride contained in the extract.  3 days were found to be 
an ample interval for the return to normal state. 
Within ½  hour after the extract was given, a  stomach tube was used to give 
the dogs the daffy ration of milk, sodium chloride solution, and water.  Care was 
taken to introduce first the milk, then the sodium chloride solution, and finally 
the water.  The milk and sodium chloride solution were measured with volumetric 
pipettes.  The water was used to rinse the stomach tube.  Immediately following 
this procedure, the dogs were fed the ground beef and capsule of haliver off.  Ali- 
quot portions of the same batch of raw beef were supplied during the period of 
study. 
During the 3 hour experiments the dogs rested quietly on a table.  Indwelling 
catheters were used. 
Methods of Analysis 
The urine specimens were preserved with toluol.  The methods used for the 
blood and urine analysis of sodium, potassium, chloride, total nitrogen, inorganic 
phosphate, creatine, and creatinine have been described previously (2, 4).  Potas- 
sium determinations were made on specimens ashed with thorium nitrate accord- 
ing to the method of Strauss (5).  Calcium was analyzed according to a modifica- 
tion of the micro method of Tisdall and Kramer (6).  Magnesium was determined 
according to the method of Briggs (7). 
2 Haliver oil capsules were supplied by Dr. Oliver Kamm of Parke, Davis and 
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EXPERIMENTAL 
Sodium  excretion  was  decreased  during  the first  3  hour  period 
(Table I)  following the subcutaneous injection of 2000  dog units of 
suprarenal cortical hormone:  This reduction was more pronounced 
between the 4th and 6th hours.  The effect of the hormone was re- 
flected in the 24  hour excretion of sodium.  The decreased sodium 
excretion represented an actual reduction in concentration, notwith- 
standing lowered urinary volume.  In contrast to sodium, the potas- 
sium excretion was increased.  Injections of hormone were accompa- 
nied by no change, an increase, or a decrease in urine volume (Table 
II).  The action of the hormone on the renal excretion of sodium and 
potassium was independent of alteration in urine volume. 
TABLE I 
The Effect  of a Single  Subcutaneous Injection of Suprarenal  Cortical Hormone* on 
Renal Excretion of Sodium and Potassium  in the Normal Dog 
Urine volume  Sodium  Potassium 
Hour 
Control 
9 a.m.--12 m.  18 
12m.  -3p.m.  18 
3 p.m.- 9 a.m.  320 
24 hr. total  ......  356 
Treated 
24 
55 
180 
259 
Control  Treated 
m.~.  f~.  e~. 
4.8  2.8 
3.9  0.3 
56.2  27.9 
64.9  31.0 
Control 
m. ed. 
0.9 
0.6 
15.4 
16.9 
Treated 
2.1 
0.5 
20.3 
22.9 
* 2000 dog units of suprarenal cortical hormone  were injected at 9 a.m. 
When  a  single,  daily  subcutaneous  injection  of  hormone  was 
employed, large quantities were required to produce a definite change 
in  the  excretion of electrolytes during the  24  hour period.  Much 
smaller quantities of extract were effective when administered twice 
daily.  The fact that multiple injections of the hormone were more 
effective than an equivalent single dose confirms the clinical observa- 
tions in the treatment of Addison's disease. 
Suprarenal cortical hormone (300 to 500 dog units injected subcu- 
taneously twice daily) produced a significant decrease in the excretion 
3 These dog units refer to the method of standardization on suprarenalectomized 
dogs employed by the manufacturers of the extract. 760  SUPRARENAL  CORTEX.  VI 
of sodium and chloride in four normal dogs (Table II).  Potasdum 
excretion  was  increased  and  inorganic  phosphate  excretion  was 
usually increased.  Total nitrogen excretion was increased in one dog 
(1-75)  but  not  significantly  altered  in  the  others.  Calcium  and 
magnesium excretions were increased during the day in which extract 
was injected. 
TABLE  II 
The Effect of Divided Subcutaneous Injections of Suprarenal Cortical Hormone* on 
Renal Excretion of Electrolytes in the Normal Dog 
I  Urine  1  ganJc  Nitro-  Dosage  of extraCt  Dog  24hr. period  vol- Sodl- Chlo- Potas- Cal-iMag-  Inor- 
ume  urn  ride  slum clum aesmm ~J~os-  gen 
pno  rus 
c¢.  m.  eq.  m.  eq,  re.  eel,  m.  eq.  m.  eq.  rag.  gin. 
1-75  Control  548!  64.8  70.3  22.6  1.4  0.8  626  11.5  Normal sallne 
Treated  556  55.3  51.4  35.2  2.0  1.1  722  13.2  1000 dog unlta 
Control  544  71.0  71.2  28.8  1.3  0.9  538  11.4  Normalsaline 
1-78  Control  630  78.8  78.2  27.3  0.4  1.1  642  12.1  Normalsaline 
Treated  604  52.6  64.6  42.4  0.6  1.1  744  12.5  600 dog units 
Control  570  88.6  76.8  18.2  0.1  0.9  570  12.2  Normal~line 
1-79  Control  1230  58.8  59.6 ! 21.7  0.2  1.2  497  10.9  Normal saline 
Treated  II10  38.6  42.6  33.1  522  10.0  800 dog units 
Control  1210  76.(]  69.4  26.5  0.3  0.8  410  9.2  Normal saline 
1-80  Control  393  62.2  64.8  20.5  0.6  10.7  Normal saline 
Treated  530  55.2  57.4  24.5  0.8  10.8  1000 dog units 
Control  472  71.8  71.0  13.5  0.7  10.5  Normal saline 
Total  Control  2801264.C  272.9  92.1  2.0  3.7  1765  45.2 
Treated  2800201.7  216.0135.2  1886  46.5 
Control  2796307.4  288,4  87.0  1.7  3.3  1518  43.3 
* The extract was injected  in divided  doses twice  daily. 
Frequently an  amount  of  sodium,  quantitatively  equal  to  that 
retained, appeared in the urine on the day following hormone adminis- 
tration (Table II).  During this same period potassium excretion was 
reduced.  The alteration in potassium excretion was not so constant 
as that in sodium.  This "rebound" effect proved a useful check on 
the alterations produced by the  cortical hormone.  In  an  isolated GEORGE  A.  ~AILROP  AND  GEORGE  W.  THORN  761 
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experiment  large  quantities  of  hormone  (1000  dog units  injected 
subcutaneously twice daily) delayed the appearance of the rebound 
effect until the 2nd day following hormone administration. 
In another series of experiments the hormone was injected subcu- 
taneously twice daily for 5 days.  The urinary excretion of electrolytes 
was determined for the 5 day period.  A daffy average was calculated 
(Table  III).  In  this  experiment  the  changes  were  qualitatively 
similar to  those  described  above.  There  did  not  appear  to  be  a 
cumulative action of the hormone.  The continued injection of supra- 
renal cortical hormone was accompanied by a reduction in the concen- 
tration of the cellular constituents of the blood and the plasma proteins 
without a decrease in the plasma concentration of sodium and chloride. 
TABLE  IV 
The Effect  of a Single  Intravenous  Injection  of Suprarenal  Cortical Hormone* on 
Renal Excretion of Sodium and Potassium  in the Normal Dog 
Hour 
9 a.m.-3 p.m. 
3 p.m.-9 a.m. 
24 hr. total .... 
Urine volume 
Control  [  Treated 
t:C.  CC. 
67  61 
250  270 
317  331 
Sodium 
Control  Treated 
m. ed.  m.~. 
4.0  1.8 
50.9  47.4 
54.9  49.2 
Potassium 
Control  !  Treated 
m. eg.  m. eq. 
0.4  1.7 
20.3  23.9 
20.7  25.6 
* 1000 dog units of suprarenal cortical  hormone  were injected at 9 a.m. 
Intravenous injections of large quantities of hormone (3000 dog units) 
in  the  thirsted  and  fasted  dog  were  not  accompanied by  plasma 
dilution. 
A single intravenous injection of 1000 dog units of suprarenal cortical 
hormone resulted in a decreased sodium excretion and an increase in 
potassium excretion (Table IV).  The action of the hormone was most 
marked during the 6 hoflr period immediately following injection.  A 
slight  reduction occurred in  the  24  hour excretion of sodium.  In 
normal human subjects repeated intravenous injections of hormone 
(500  dog units four times daily) were shown to be quite effective in 
producing a  significant reduction in the 24 hour renal excretion of 
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The effectiveness of oral administration of the hormone has been 
investigated.  A  preparation which is ordinariJy given parenterally 
must be administered in much larger quantities, when given by mouth, 
to produce an equivalent effect on the sodium and potassium excretion 
in the normal dog. 
Three types of control material were injected subcutaneously into 
dogs without producing a significant effect on the urinary excretion of 
TABLE  V 
A  Comparison of the Effect of Subcutaneous Injections of SuprarenaI Cortical 
Hormone* on the Renal Excretion of Electrolytes in the Normal Dog Fed 
Diets High and Low in Mineral Content 
Dog  Period 
1-70  Control 
Treated 
Control 
1-75  Control 
Treated 
Control 
1-76  Control 
Treated 
Control 
Urine 
volume 
per day 
555 
465 
6O5 
480 
535 
445 
680 
675 
680 
Meat diet 
~odiun  Potas- 
~er da3  sium 
per day 
m.~.  m.~. 
51.3  20.0 
32.0  23.8 
58.7  17.2 
37.8  21.2 
36.5  29.3 
40.7  17.8 
65.6  23.6 
53.1  32.9 
73.4  27.6 
Inor- 
ganic 
phos- 
)horus 
~r day 
mg. 
484 
555 
470 
693 
762 
680 
Cowgill diet (K-free salt mixture) 
Urine 
volume 
per day 
(.c, 
215 
195 
195 
210 
210 
225 
498 
595 
510 
Inor- 
ganic  Potassium  phos- 
per  day  pnorus 
per day 
m. ~.  rag. 
Q.•.  s. 
Q. N. S. 
Q.N.S. 
Q. N.S.  531 
Q. N.S.  472 
Q. N.S.  520 
Q. N.S.  283 
Q. N.S.  408 
Q. N.S.  333 
Q. N. S. denotes quantity insufficient  for analysis. 
* The extract was injected in divided doses twice daily (2000 dog units). 
sodium and potassium: (a) sterile normal saline solution in quantities 
equal to the sodium and chloride content of the extracts; (b) a 1 : 600- 
000 solution of epinephrin;  4 (c) suprarenal cortical extract, inactivated 
by the addition of alkali and boiling, and subsequently brought back 
to the original hydrogen ion concentration. 
The effect of the hormone was compared in three normal dogs given 
4 This very dilute solution of epinephrin, representing the maximum present in 
any of the extracts, was freshly prepared immediately before injection. 764  SIYPRARENAL  CORTEX.  VI 
diets of high  and  low mineral  content  (Table V).  The  dogs were 
studied first on a meat diet supplemented with sodium chloride, and 
secondly on the synthetic diet described by Cowgill (10).  The latter 
was modified so as to contain no potassium.  Although the sodium 
excretion was very greatly reduced during the period in which the 
animals received the modified Cowgill diet, injections of the hormone 
resulted in a measurable decrease in the amount of sodium excreted. 
The reduction in sodium excretion and the increased phosphate excre- 
tion were similar to the effect noted during the period in which the 
dogs were being maintained on a  raw meat diet supplemented with 
sodium chloride.  The action of the hormone on the renal excretion of 
sodium was demonstrable in the normal dog even though the potas- 
sium exchange was so low as not to be measurable. 
Assay of Salt and Water Hormone 
An important obstacle to the isolation and chemical identification 
of the suprarenal cortical hormone has been the lack of a reliable and 
expeditious method of assay.  In addition to the fundamental obser- 
vation  of  survival  of  the  completely  suprarenalectomized  animal, 
three principal methods have been proposed.  These are as follows: 
(a) maintenance of normal growth or survival in the suprarenalecto- 
mized rat (11);  (b) maintenance of blood non-protein or urea nitrogen 
level in the suprarenalectomized dog (8); and (c) the protection of rat 
muscle against fatigue by means of suprarenal extract injections (12). 
The progress of investigation upon the suprarenal cortex during the 
past 6 years has indicated plainly that at least three hormonal principles 
may be present.  One of these is concerned with sex development, a 
second with the metabolism of protein, and a  third with the metab- 
olism  of  sodium  and  potassium.  It  is  the  latter  hormone  which 
appears to be necessary, at least in the absence of an adequate sodium 
intake, to sustain life. 
The regular response of the normal dog to subcutaneous injection of 
suprarenal cortical hormone suggests the possibility of measuring the 
renal excretion of sodium as a method of assaying the "salt and wa- 
ter" hormone content of suprarenal cortical extracts.  Such a method 
would seem to be a rational procedure as it is now well established that 
this is a physiological effect of the suprarenal cortical hormone.  As far 
as can be determined, the effect of a given extract on sodium excretion GEORGE A.  HARROP AND  GEORGE  W.  THORN  765 
in the normal dog, parallels the potency of the extract as determined 
by  its  effect  on  suprarenalectomized  dogs.  However,  it  is  evident 
that  other  substances  may be  found which  have  a  similar  effect to 
that demonstrated for the cortical hormone upon the renal excretion 
of sodium and potassium. 
The proposed method of assay is as follows: Under the standardized 
conditions described above, the maximum variation in the daily renal 
TABLE VI 
The  Effect of  Various  Quantities  of Suprarenal  Cortical Hormone (Quantitative 
Assay) on Renal Excretion of Sodium and Potassium in the Normal Dog 
Day 
Control 
Treated 
Control 
Control 
Treated 
Control 
Control 
Treated 
Control 
Control 
Treated 
Control 
Control 
Treated 
Control 
Urine  volume 
per  day 
6C. 
1230 
1110 
1210 
1108 
1180 
1230 
1060 
1290 
1340 
1000 
1290 
1250 
1154 
1180 
1206 
Sodium per  day 
m. eq. 
58.8 
38.6 
76.0 
59.0 
49.0 
69.2 
63.4 
55.4 
67.0 
54.0 
41.2 
62.6 
57.2 
47.0 
59.4 
Potassium per da 
m.r.~. 
21.7 
33.1 
26.5 
18.4 
21.0 
14.0 
17.5 
23.6 
19.4 
13.9 
26.4 
13.1 
23.4 
29.2 
22.2 
Quantity of extract 
8 cc. extract A 
4 cc. extract A 
2 cc. extract A 
2 cc. extract B 
1 cc. extract B 
Extracts A and B were commercial extracts prepared by different companies. 
The assay value on suprarenalectomized dogs was the same.  The extract was 
injected subcutaneously in divided doses, twice daily. 
excretion of sodium is less than 5  m. eq.  A  reduction  in sodium ex- 
cretion greater than 5 m. eq., is significant, particularly if the control 
period  following  extract  administration  reflects  a  rebound  in  the 
sodium  excretion.  The relative potency of various extracts may be 
measured  by  determining  the  minimal  amount  of  extract  necessary 
to produce a  15 to 20 per cent reduction in the 24 hour renal excretion 
of  sodium.  The  extract  is  injected  subcutaneously  in  equal  doses 766  SIIPRARE!WAL  CORTEX.  VI 
twice daily.  Normal dogs vary in the absolute amount of hormone 
necessary to show this change, but the results obtained on any given 
animal are reproducible.  A similar individual variation has also been 
observed in suprarenalectomized dogs. 
It is likely that  the suprarenalectomized  dog would prove to be a 
more sensitive preparation  for assay.  This,  however, would require 
maintenance  at  a  constant  level  of  sodium  excretion  which  would 
undoubtedly  present  serious  difficulties.  Either  the  animal  would 
have to be maintained  on sodium salts alone or a  minimal  ration  of 
• extract  would have  to  be given.  For  this  reason  we have  not  at- 
tempted to use this method of assay on suprarenalectomized dogs. 
SUMMARY 
The  effect of  the  administration  of  suprarenal  cortical  hormone 
upon  the  excretion  of  sodium  and  potassium  has  been  studied  on 
normal dogs.  It is shown to be qualitatively similar to the effect of 
this  hormone  upon  suprarenalectomized  animals  and  upon patients 
with Addison's disease.  The phenomenon  is proposed  as  the  basis 
for a  suitable  method  for  comparative  assay of suprarenal  cortical 
extracts.  The method is simple, time saving, and uses a minimum of 
extract. 
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